In recent years, the rise in temperature in the entire world has been pointed out and has attracted considerable interest. The need has spread into the impact assessment to human health, like the effect on nature such as ecosystem change, the rise in sea level and bleaching of the coral reefs. In addition, it is said that the areas that are easily affected by global warming are the tropical and subtropical zones in developing countries.
According to Hajat and others, Hajat et al., 2005 heat stress speeds up death as the final physiological insult to weak patients having severe illnesses such as cardiovascular diseases. Thus we can observe the sudden increase of mortality rate after the exposure of hot temperature. After the death of patient with severe illness, the temporary fall of the mortality rate will be observed. We call this phenomenon harvesting . Generally, it is reported that the hot temperature raises mortality after exposure in the short term and then it suddenly decreases. Moreover, it is reported that the cold temperature after exposure raises the mortality rate for a relatively long term. Armstrong, 2006 The article that focuses on the lag effect was pub- 
Methods 1 Study area
The reason we selected three cities in China Harbin, Nanjing, Guangzhou is to include a wide climate range. Guangzhou has a subtropical monsoon climate, and its annual average temperature is 22.8 , monthly average maximum temperature is 26.2 , annual amount of rainfall is 1720 mm.
Nanjing has a humid subtropical climate, and its annual average temperature is 15.7 , and annual amount of rainfall is 1106 mm. The rainy season is from mid June to early July. Harbin has a cold temperate monsoon climate, annual average temperature is 3.6 , annual amount of rainfall is 523 mm, and it has 4 seasons. Harbin is one of China's most famous summer resorts. Table 1 shows the characteristics of the three cities.
Data
To obtain the daily number of deaths in each city, we used a database called the Disease Surveillance Point DSP system, Yang et al., 2005 which was established by the Ministry of Health in China, and the data from 1998 to 2002 in Harbin, Nan- 
Statistical method
In lag analysis, the distributed lag model DLM is used by epidemiologists in air pollution area. For that reason, we used the distributed lag nonlinear model DLNM , which is an expansion of DLM in this study. The feature of DLNM is that epidemiologists can see the lag effect as well as the relation at the time of exposure as a nonlinear curve in the analysis of time series data. Armstrong, 2006 Gasparrini et al., 2010b In this study, at first, in Guangzhou, Nanjing, and Harbin, we drew a smoothing spline curve of df 6 using the highest daily temperature and the daily number of deaths all cause , and evaluated the difference in terms of the climate. Then, using dlnm of the R package, we drew the relations among temperature, lag and relative risk. Here, we used NCS NCS cross basis. It is considered that a point drawing an end part in the temperature range, namely, the part beyond the data range as a straight line, is proper as a model in NCS. Armstrong, 2006 The cross basis in dlnm expresses a nonlinear relations among temperature, lag and death in three dimensions using two basis functions. Gasparrini et al., 2010b In this NCS curve, we set df 6 on the relation between temperature and mortality, and we set df 5 on the relation between lag and mortality. Moreover, to remove the effect of the annual trend and seasonal trend, we drew two types of graph, one is df 5 1 year and the other is df 35 7 year . This graph becomes the graph that added the time dimension to the relation between temperature and mortality. We made a sliced figure of this three dimensional graph for easy viewing. In addition, for a baseline of the relative risk, we used the optimum temperature of the graph, which we made using the spline curve. For each city, we drew in the left panel under the condition of lag of 0, 5, 15, 28 days, the relation the last part of 2002. Figure 3 shows a graph df 5 of overall in all lag models for each city, and in all the three cities, a rise in the relative risk because of the effect of the hot and cold temperatures was seen. We analyzed it under the same condition as in figure 3 except that we set df 35 in figure 4. All the three cities, we were able to confirm a rise in the relative risk when the temperature was cold. The effect of the summer heat was able to confirm a rise in the relative risk in
Harbin, but, no clear rise of the relative risk was confirmed in Guangzhou and Nanjing. In addition,
we were able to confirm that the effect range from 10 to 0 of the cold temperature the relative risk decreased in comparison with df 5 in Guangzhou, Nanjing, Harbin. Figure 5 is a three dimensional graph. In all the three cities, the effect of the summer heat occurs on the first day lag 0 and disappears in a few days. As for the effect of the cold temperature, a relatively long term tendency was also confirmed. Figure 6 shows a slice of the three dimensional graph. In the figure of right footline panel in each city, we were able to confirm the high mortality in the lag 0 graph in 35 in all the three cities RR 1.04, 1.10, 1.12 .
Afterwards, in each of the three cities, the relative risk returned to 1.0 in lag 5, lag 4, and lag 8 day. In the case of lag 0 day, the relative risk was below 1.0 in a lag model of 0 in Guangzhou and
Harbin, and only Nanjing showed approximately 1.1 of relative risk. In Nanjing, the relative risk showed a sudden decline once in lag 3 day and a slight rise of the relative risk was seen again and showed a continuation for about 30 days afterwards. In Guangzhou, a rise in the relative risk continued from lag 3 up to lag 25. Figure 7 is the same as figure 6 except that we set df 35 in figure 6 . From the graph of each city of right footline, like in figure 6 , the high mortality was confirmed in lag 0 in 35 in all the three cities RR 1.11, 1.19, 1.13 . A decline of the relative risk was seen afterwards. In each city, the relative risk returned to 1.0 in lag 5 day, lag 3 day and lag 3 day. In a lag model in 0 , the result was similar to that of figure 6, the relative risk was below 1.0 in Guangzhou and Harbin in lag 0 days, and only Nanjing showed approximately 1.1 of the relative risk. In the cause of Nanjing, the graph showed a sudden decline of relative risk once in lag 3, and a rise of the relative risk was seen again, and some rises of the relative risk continued afterwards. In Guangzhou, a rise of the relative risk continued from lag 3 to lag 26, like in figure 6.
Discussion and Conclusions
In this study, we used DLNM. DLM is classified did not control influenza and the air pollution because we could not acquire enough data, we analyzed the data for only five years from 1998 through 2002 , and we did not control the age structure. However it is considered that the tendency is approximately similar even if we do not control the age structure because elderly persons constitute V shaped curve.
